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Aspidosperma (Apocynaceae) plant cytotoxicity and activity 
towards malaria parasites. Part I: Aspidosperma nitidum (Benth) 
used as a remedy to treat fever and malaria in the Amazon 
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Infusions of Aspidosperma nitidum (Apocynaceae) wood bark are used to treat fever and malaria in the Amazon 
Region. Several species of this family are known to possess indole alkaloids and other classes of secondary me- 
tabolites, whereas terpenoids, an inositol and the indole alkaloids harmane-3 acid and braznitidumine have been 
described in A. nitidum. In the present study, extracts from the wood bark, leaves and branches of this species were 
prepared for assays against malaria parasites and cytotoxicity testing using human hepatoma and normal monkey 
kidney cells. The wood bark extracts were active against Plasmodium falciparum and showed a low cytotoxicity in 
vitro, whereas the leaf and branch extracts and the pure alkaloid braznitidumine were inactive. A crude methanol 
extract was subjected to acid-base fractionation aimed at obtaining alkaloid-rich fractions, which were active at 
low concentrations against P. falciparum and in mice infected with and sensitive Plasmodium berghei parasites. Our 
data validate the antimalarial usefulness of A. nitidum wood bark, a remedy that can most likely help to control 
malaria. However, the molecules responsible for this antimalarial activity have not yet been identified. Considering 
their high selectivity index, the alkaloid-rich fractions from the plant bark might be useful in the development of new 
antimalarials. 
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Malaria affects millions of individuals in tropical 
and subtropical regions of the world and infection with 
Plasmodium falciparum continues to cause an economic 
burden in several areas (Sachs & Malaney 2002) and to 
cause death among non-treated individuals, particularly 
children, non-immune travellers and pregnant women 
(WHO 2011). Approximately 219 million cases of ma- 
laria and 660,000 deaths were reported worldwide in 
2010 (WHO 2012a). 

Medicinal plants offer an alternative in treating ma- 
laria, particularly among populations exposed to endem- 
ic transmission in sub-Saharan African countries and in 
certain regions of Latin America (Bourdy et al. 2004, 
Willcox & Bodeker 2004, Adebayo & Krettli 2011, Ade- 
bayo et al. 2012). Although synthetic drug combinations 
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are the basis for malaria treatment in Brazil, plants are 
still used as remedies in the Amazon and elsewhere and 
represent a potential source for compounds in the devel- 
opment of new antimalarial drugs (Krettli 2009). 

Due to the spread of drug-resistant parasites globally, 
the treatment of malaria is becoming increasingly diffi- 
cult (WHO 2010). Thus, the identification of safe and se- 
lective antimalarial drugs derived from plants has been 
stimulated by the World Health Organization and is a 
research priority of several groups, including ours (Kret- 
tli et al. 2001, 2009, Aguiar et al. 2012a). Indeed, medici- 
nal plants afforded the discovery in the XIX century of 
the first remedies from the bark of Cinchona spp, later 
shown to be rich in alkaloids, particularly quinine, the 
basis of such aminoquinoline synthetic drugs as chlo- 
roquine, amodiaquine and mefloquine. Another class of 
important antimalarials is based on artemisinin, a com- 
pound found inArtemisia annua, a medicinal plant native 
to China (WHO 2006). Unfortunately, clinical failures 
have also been reported in patients with P. falciparum 
treated with artemisinin derivatives in the recommended 
artemisinin combined therapy (WHO 2012b). 

The testing of products from medicinal plants in ani- 
mal models and in parasite cultures has resulted in the 
identification of potent molecules, as recently reviewed 
(Krettli et al. 2001, Krettli 2009, Aguiar et al. 2012b). 
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An example is Cecropia pachystachya (Cecropiaceae), 
which is used against fever and malaria in several parts 
of Latin America, with tormentic acid and beta-sitoster- 
ol shown to be responsible for the antimalarial activity 
(Uchoa et al. 2010). Other examples 'mcXwde Aspidosper- 
ma nitidum (Benth) and Aspidosperma excelsum (Muell 
Arg), widely cited as remedies in the treatment of ma- 
laria, among other species of the genus Aspidosperma 
(Apocynaceae), which comprises various medicinal spe- 
cies used as bark infusions against malaria and other dis- 
eases (Brandao et al. 1992, Weniger et al. 2001, Ferreira 
et al. 2004, Tanaka et al. 2007, de Oliveira et al. 2011). 

Reviews on the chemistry of Aspidosperma plants 
cite indole alkaloids (Pereira et al. 2007, Guimaraes et 
al. 2012) and a new alkaloid, braznitidumine, from A. 
nitidum was described, isolated and characterised by 
one of the present authors (Meneses-Pereira et al. 2006). 
In this study, we verify the biological activity of wood 
bark extracts and fractions in vitro against chloroquine- 
resistant (CQR) P. falciparum parasites and in a Plasmo- 
dium berghei-'vafscicd mouse malaria model. 

MATERIALS AND METHODS 

Plant materials - Wood bark, branches and leaves 
were harvested between 2004-2012 from the same adult 
tree (Fig. 1) growing at the Federal University of Ama- 
zonas farm located in Manaus, state of Amazonas, Bra- 
zil. A plant voucher coded 181832 has been deposited at 
the National Institute of Amazon Research herbarium. 
Using the plant material collected in 2004, a new alka- 
loid molecule named braznitidumine was previously de- 
scribed by one of the present authors (MMP) (Meneses- 
Pereira et al. 2006). 

Extraction and chromatographic profiles of the active 
fractions - The materials of ^. nitidum were dried, pow- 
dered and extracted using previously described protocols 



(Marques et al. 1996). The wood bark powder (2 kg) was 
divided into two equal parts: one was extracted by static 
maceration with ethanol (EtOH) for seven days at room 
temperature (RT) and the other with methanol (MeOH). 
After solvent removal by rotary evaporation, 23.4 g 
(2.3%) and 32 g (3.2%) of the EtOH and MeOH-A crude 
extracts, respectively, were obtained. The EtOH crude 
extract and the chloroform and ethyl acetate fractions ob- 
tained were used for the biological tests described. 

A new sample of wood bark (1 kg) was extracted with 
MeOH by maceration with agitation at 40°C for 48 h and 
yielded 34.4 g (3.4%) of the crude extract (MeOH-B). 
Extracts of the wood bark, leaves and branches were 
also prepared using either the Soxhlet technique (EtOH 
and acetone) or maceration at RT with agitation (EtOH 
and water). 

The wood bark collected in 2012 (1.5 kg) was macer- 
ated at RT with 1.6 L of MeOH for 48 h to yield, after 
solvent removal, 85.5 g (5.7%) of MeOH-C crude extract. 
This extract was then subjected to an acid-base fraction- 
ation protocol to obtain alkaloid-rich fractions (Fig. 2). 
The yields of each fraction are also shown in Fig. 2. The 
shaded box indicates the biological activity and positive 
reaction with Dragendorff's reagent. 

The MeOH-C crude extract and its fractions (FO III, 
FO IV and precipitate) were subjected to a chromatograph- 
ic analysis using a high performance liquid chromatogra- 
phy (HPLC) in with a Shimadzu apparatus (Shimadzu Co, 
Kyoto, Japan) composed by of a pump (model LC-IOAD) 
and diode array detector (model SPDM20A) scanning 
from 200-500 nm, controlled by a CBM 20A. The sam- 
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Fig. 1: Aspidosperma nitidum, a medicinal plant named carapanauba, 
from which the wood bark material was collected and used to prepare 
extracts and fractions that displayed high antimalarial activity and 
low toxicity, in vitro and in vivo. 
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Fig 2: fractionation scheme of Aspidosperma nitidum methanolic 
wood bark extract and its fractions showing activity against malaria 
parasites highlighted in the boxes. AcOEt: ethyl acetate; CHCI3: chlo- 
roform; HCI: hydrochloric acid; MeOH: methanol. 
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pies were injected into a 20-1 loop coupled to a Rheodyne 
(IDEX Health & Science, Oak Harbor, WA, USA) valve 
and analysis separated over with an Ascentis RP18 column 
(Supelco Inc, Bellefonte, PA, USA) with a particle size of 5 
micrometers. The mobile phase was a: MeOH-water (both 
with 0.1% formic acid) gradient from 30-50% in 20 min, 
reaching 100% MeOH at 25 min. The data were acquired 
and analysed using the soft-ware LC-Solutions (Shimadzu 
North America, Columbia, MD, USA). 

Antimalarial tests against P. berghei in mice - The 
protocol for animal use was approved by the Ethical Com- 
mittee (CEUA LW-23/13) at the Oswaldo Cruz Institute. 

A previously described antimalarial suppressive test 
in mice (Peters 1965) was slightly modified (Carvalho 
et al. 1991). Briefly, Swiss outbred adult female mice, 
20 ± 2 g, were inoculated with P. berghei by an intrap- 
eritoneal route, 1 X 10'' freshly infected red blood cells 
(iRBC) per animal, using either chloroquine-sensitive 
(CQS) (NK65) or CQR parasites selected by successive 
treatment (Krettli et al. 1969). Two-24 h later, the mice 
were randomly distributed and subjected to drug treat- 
ment by an oral route once a day for three consecutive 
days. Two control groups were used: one not treated and 
another treated with chloroquine (either 15 mg/kg for 
animals with CQS parasites or 100 mg/kg for animals 
with CQR parasites). 

The plant extracts and fractions were freshly diluted 
with 3% dimethyl sulphoxide (DMSO) in water imme- 
diately before gavage using different doses in a 200 -^L 
volume per animal. Blood smears were prepared at the 
fifth and seventh days after parasite inoculation, MeOH- 
fixed, stained with Giemsa and examined microscopi- 
cally for parasitaemia determination. 

The inhibition of parasite growth (IPG) in the treated 
groups was evaluated by a comparison with the level of 
parasitaemia in the non-treated mice using the equation 
IPG = 100 minus the mean parasitaemia in the treated 
mice, multiplied by 100 and divided by the mean para- 
sitaemia in the non-treated controls. The compounds re- 
ducing parasitaemia by 40% or more were considered 
active, those reducing 30-40%) as partially active and 
reductions of less than 30%o as inactive. 

Continuous cultures of P. falciparum and antiplasmo- 
dial tests - CQR and mefloquine-sensitive P. falciparum, 
clone W2 (Oduola et al. 1988), was cultivated using the 
candle jar method (Trager & Jansen 1976), with minor 
modifications (Andrade-Neto et al. 2004). The continu- 
ous culture was maintained in human erythrocytes (A*) 
at 37°C in complete medium (RPMI-1640 supplement- 
ed with 10%o human sera blood group A*), which was 
changed daily. The human erythrocytes (A^) and serum 
blood group A+ were kindly donated by the Centre of 
Haemotherapy and Haematology of Minas Gerais under 
a mutual cooperation agreement (protocol 18/09). 

Immediately prior to the tests, the blood parasites 
were concentrated through sorbitol synchronisation of 
the ring stages (Lambros & Vanderberg 1979). The blood 
suspension was adjusted for parasitaemia and haemat- 
ocrit according to the specifications for each test, then 
distributed (180 nL/well) into 96-well microtitre plates 



(Corning, Santa Clara, CA, USA) containing the diluted 
extracts, fractions and braznitidumine (20 |iL/well) in 
triplicate for each dose. Chloroquine, the standard anti- 
malarial, was tested in parallel each time. 

The activity of the plant extracts and fractions against 
P. falciparum was determined relative to the control cul- 
tures without antimalarial drugs as described (Rieckmann 
et al. 1978) and measured as follows: (i) the anti-HRPII 
test previously described (Noedl et al. 2002), (ii) the [^H]- 
hypoxanthine incorporation assay (Desjardins et al. 1979) 
with slight modifications (Zalis et al. 1998) or (iii) quan- 
titative tests based on optical microscopy, here referred to 
as the traditional test (Rieckmann et al. 1978). 

For the anti-HRPII test, the P. falciparum cultures 
were adjusted to 1.5%o haematocrit and 0.05%o parasi- 
taemia; anti-HRPII monoclonal antibodies were com- 
mercially acquired from ICLLAB (Stuart, FL, USA) 
(MPFM-55A and MPFG-55P) and the TMB chromogen 
(3,3',5,5'-tetramethylbenzidine) was acquired from KPL 
(Gaithersburg, MD, USA). After stopping the reaction 
with 50 |J,L/L of 1 M sulphuric acid, the absorbance was 
measured at optical density (OD) 450 nm using a spec- 
trophotometer (SpectraMax^'"'PC^''''') (Molecular Devic- 
es, Sunnyvale, CA, USA). 

For the [^H]-hypoxanthine incorporation a^say, P. fal- 
ciparum cultures were maintained in a medium without 
hypoxanthine for at least four days and the haematocrit 
and parasitaemia were adjusted to V/o. [^H]-hypoxanthine 
(0.5 \iCi) was acquired from PerkinElmer (Waltham, 
MA, USA). After 42 h of incubation with the drug, the 
cells were harvested [Tomtec 96-Harvester (Tomtec Inc, 
Handem, CT, USA)] on glass-fibre filters (Wallac Ou, 
Turku, Finland), placed in sample bags (Wallac) and im- 
mersed in scintillation fluid (Optiphase super mix, Wal- 
lac). The radioactive emission was counted using a 1450 
Microbeta reader (Wallac). 

For the traditional test, a suspension of RBCs with 
1%) parasitaemia, previously synchronised, was distrib- 
uted into a 96-well microtitre plate (100 |j,L/well) and 
cultured in complete medium (RPMI-1640 containing 
10%o human serum, 2% glutamine and 7.5%) NaHCO^). 
After 48 h, blood smears were prepared, coded, stained 
with Giemsa and examined at 1,000X magnification. 
The parasitaemia of the controls (considered as 100%o 
growth) was compared to that of the test cultures and the 
percentage IPG was calculated. 

For all tests, the extracts and fractions were dis- 
solved in aqueous DMSO (0.02%)) stock solution and the 
antiplasmodial activity was calculated by comparing the 
IPG in the drug-exposed cultures to that in the drug-free 
control culture. In tests performed using serial drug di- 
lutions, sigmoid dose-response curves were generated 
with curve-fitting software (Microcal Origin Software 
v.5.0), which enabled the determination of the 50% in- 
hibitory concentration (IC^^). 

Cytotoxicity tests - The human hepatoma cell line 
(HepG2) was originally received from the New Univer- 
sity of Lisbon and the monkey kidney cell line (BGM) 
was obtained from the Federal University of Minas 
Gerais. The cells were cultured in 75 -cm^ plates with 
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RPMI-1640 medium supplemented with 10% heat-in- 
activated foetal calf serum and 40 mg/L gentamicin in 
a 5% COj atmosphere at 37°C. For the in vitro tests, a 
confluent cell monolayer was trypsinised, washed with 
culture medium, distributed in a flat-bottomed 96 -well 
plate (5 X 10^ cells/well) and incubated for 18 h at 37°C to 
ensure cell adherence. 

Cytotoxicity was evaluated with the 3-(4,5-dimeth- 
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 
(Denizot & Lang 1986) assay. Briefly, the HepG2 and 
BGM cell lines were incubated with 20 |j,L of the ex- 
tracts and fractions at different concentrations (1,000-15 
l-ig/mL) for 24 h in a 5% CO^ and air atmosphere at 37°C. 
For the MTT assay, which evaluates mitochondrial vi- 
ability, 20 |iL of MTT solution (5 mg/mL) was added 
and the plates were incubated for another 3 h. After in- 
cubation, the supernatant was carefully removed from 
the wells, followed by the addition of 100 ^iL DMSO, 
with thorough mixing. The OD at 570 nm and 630 nm 
(background) was determined using an ELISA reader 

(SpectraMax^'^'PC'*''). 

The cell viability was expressed as the percentage 
of control absorbance obtained from the untreated cells 
after subtracting the absorbance from the appropriate 
background. The minimum lethal dose for 50% of the 
cells (MLDjg) was determined as previously described 
(Madureira et al. 2002). This value was used to calculate 
the selectivity index (SI) defined by the ratio between 
the MDL,^ and IC^^ values (Bezivin et al. 2003). 

Statistical analysis - The data are expressed as the 
mean ± standard deviation for the in vivo tests. The 
statistical significance of the survival curves was 
evaluated by an ANOVA test followed by a Bonfer- 
roni post-test and the mean parasitaemia by a Student's 
t test followed by a Mann-Whitney U post-test. Both 



analyses were performed using GraphPad Prism 5.0 
software. Only p < 0.05 or less was considered statisti- 
cally significant. 

RESULTS 

The plant material in the present study was collect- 
ed between 2004-2012 from the A. nitidum specimen 
shown in Fig. 1. Extracts from the wood bark, leaves and 
branches were prepared and evaluated in biological as- 
says with P. falciparum and mice infected with P. her- 
ghei in addition to assays to evaluate cytotoxicity. The 
EtOH crude extract of the wood bark collected in 2004 
and its fractions, as obtained through liquid-liquid par- 
titioning, were able to reduce the parasitaemia in mice 
infected with P. berghei by 55% (Table I). These are the 
same extracts and fractions used in a previous chemical 
investigation that resulted in the identification of several 
compounds, including harman-3 -carboxylic acid and 
braznitidumine (Meneses-Pereira et al. 2006) which was 
inactive against P. falciparum in vitro (data not shown). 

None of the crude extracts or fractions was cytotox- 
ic to HepG2 or BGM cells; the MDL^^ values of all the 
crude bark extracts and fractions were similar or better 
when tested on normal cells, with the exception of FO 
IV (Table II). 

The crude plant extracts showed significant antima- 
larial activity. Thus, new plant material from this speci- 
men was collected and extracts were prepared for further 
fractionation and in vitro tests against P. falciparum, as 
shown in Table III. The data showed that the A. nitidum 
crude extracts and fractions had similar IC^^ values in 
the traditional test (data not shown), ['H]-hypoxanthine 
incorporation and anti-HRPII test with monoclonal an- 
tibodies. The most active extracts were those obtained 
from the wood bark, whereas those from the branches 
and leaves were inactive or only slightly active (EtOH 



TABLE I 

Parasitaemia and reduction in mice inoculated with Plasmodium berghei infected erythrocytes after oral treatment daily, 
for three consecutive days, with Aspidosperma nitidum ethanolic wood bark extract and its fractions 

Mice parasitaemia 
n (% reduction)'' 

Plant extract and ethanol fractions used Dose 

for mice treatment by oral route" (mg/kg) Day 5 Day 7 Activity 



Crude ethanolic extract 


125 


11 (48) 


25 (49) 


Yes 




250 


11 (48) 


22 (55) 


Yes 


Chloroform fraction 


125 


17 (19) 


33 (33) 


Partial 




250 


12 (43) 


18 (63) 


Yes 


Ethyl acetate fraction 


125 


18 (14) 


36 (27) 


No 




250 


16 (24) 


30 (39) 


Partial 


Chloroquine (control drug) 


15 


0 (100) 


10 (80) 


Yes 


Non-treated 


None 


21(0) 


49(0) 


Control 



a: crude extract and fractions obtained through liquid-liquid partition (Marques et al. 1996) using the plant wood bark collected 
in 2004; b: reduction of parasitaemia calculated in relation to control infected non-treated mice (n = 3 mice for treated groups and 
n = 4 mice for non-treated control group). 
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crude extract of leaves) (Table III). The best activity was 
observed with the crude extracts from the wood bark, 
with IC^g values between 4.6-12.4 (xg/mL. The calcu- 
lated SI, a ratio between toxicity and activity in vitro, 
varied from 24-152. 

The acid-base liquid-liquid partition of the MeOH-C 
extract afforded three alkaloid-rich fractions (FO III, FO 
IV and precipitate) that were active against P. falciparum, 
with IC^^ values as low as 1.6 |j,g/mL (for FO III). These 
fractions showed a positive reaction with Dragendorff's 
reagent and their analysis by HPLC-DAD confirmed the 
presence of braznitidumine in each (Fig. 3). Regardless 
of the in vitro assay used, the IC^^ values were low, rang- 
ing from 1.6-5.5 (xg/mL in the [^H]-hypoxanthine assay, 
2.3-7.6 (xg/mL in the anti-HRPII assay and 2.8-6.8 (xg/ 
mL in the traditional test. None of the fractions was toxic 
to either HepG2 or BGM cells. Among the three frac- 
tions tested, the highest SI was found with the precipitate, 
which showed values of 200 in HepG2 and 364 in BGM 
cells in the [3H]-hypoxanthine assay and 145 (HepG2) 
and 263 (BGM) in the anti-HRPII assay (Table III). 



TABLE II 

Cytotoxicity of Aspidosperma nitidum extracts and fractions 
against a monkey kidney cell line (BGM) and a human hepa- 
toma cell line (HepG2) determined by MTT expressed as the 
minimal lethal dose for 50% of cells (MDLj^) 



MDL,„ (^ig/mL) 
mean ± SD 



Crude extracts and fractions 

Bark extracts" 
Ethanolic 
Methanolic-A 
Methanolic-B 
Methanolic-C 

Fractions from MeOH-C* 
Fraction FO III 
Fraction FO IV 
Precipitate 

Leaves extracts 
Ethanolic 
Acetonic 
Aqueous 

Branches extracts 
Ethanolic 
Aqueous 



BGM 



>2000 
964 ± 1.4 

>2000 
427 ± 243 

301 ± 175 
89 ±53 
>2000 

>2000 
>2000 
>2000 

>2000 
>2000 



HepG2 



654 ± 40 
255 ±9 

> 1000 
600 ± 14 

62± 18 
169 ± 50 
1103 ±371 

> 1000 

> 1000 

> 1000 

280 ± 30 

> 1000 



a: the different crude extracts were prepared from plant ma- 
terial by static maceration at room temperature [methanol 
(MeOH)-A and MeOH-C] or by maceration with agitation at 
40°C (MeOH-B); b: fractions from MeOH-C were obtained 
through an acid-base liquid-liquid partitioning protocol to pro- 
duce alkaloid-rich fractions (Fig. 2); MTT: (2-methoxy-4-nitro- 
5-sulphophenyl)-2H-tetrazolium-5-carboxanilide; SD: standard 
deviation. Three tests were performed with each cell line. 



The alkaloid-rich fractions were tested in mice in- 
fected with P. herghei and were active in two indepen- 
dent experiments (Table IV). The MeOH-C crude ex- 
tract reduced P. berghei parasitaemia by up to 67% with 
the dose of 100 mg/kg; the FO III, FO IV and precipi- 
tate fractions, at 50 mg/kg, also reduced parasitaemia 
by 66%, 65%o and 57%, respectively. Although a dose of 
100 mg/kg decreased parasitaemia to a slightly reduced 
extent for unclear reasons, survival was significantly 
increased in the mice treated with the MeOH-C crude 
extract and precipitate and in the mice receiving 50 mg/ 
kg of the FO III and FO IV fractions (Table IV). 

In another independent experiment using mice in- 
fected with P. berghei CQR, the EtOH crude extract was 
protective at a dose of 125 mg/kg, with the best results on 
the fifth day after inoculation, with 54% reduction in par- 
asitaemia (Table V). Although chloroquine significantly 
reduced parasitaemia and increased survival, it was not 
curative in the mice treated with a high dose (100 mg/kg) 
compared with the untreated control mice (Fig. 4). 

The potential of the active MeOH and EtOH crude 
wood bark extracts to induce mutagenic and genotox- 
ic effects was evaluated with Ames tests (Ames et al. 
1975). The tests were performed at the Genotox-Royal 
Institute, state of Rio Grande do Sul, Brazil (contract 
GT00752 and GT00719) using five strains of Salmonella 
typhimurium with different mutations at concentrations 
of up to 3,000 |.ig/plate. The plant extracts were tested 
in the absence and presence of the metabolising rat liver 
fraction and none exhibited a potential for mutagenicity 
or genotoxicity. 

DISCUSSION 

Plants have been used throughout history as rem- 
edies in most cultures and are the basis for many phar- 
maceuticals currently in use. It is estimated that 80%o 
of the tropical and subtropical populations of the world 
depend on herbal remedies to treat diseases and sources 
of new, safer and effective compounds with medicinal 
properties are investigated (Willcox et al. 2011). Several 
antimalarial formulated phytomedicines have been pro- 
posed as possible alternatives to costly and, therefore, 
unaffordable therapies (Willcox & Bodeker 2004); how- 
ever, this practice occurs to a lesser extent in Brazil, as 
the Ministry of Health provides specific diagnoses and 
synthetic antimalarials (portal.saude.gov.br/portal/arqui- 
vos/pdf/guia_pratico_tratamento_malaria_brasil_2602. 
pdf]. Nonetheless, several reference laboratories are lo- 
cated in and outside the malaria-endemic areas that are 
targeted for control (portal.saude.gov.br/portal/arquivos/ 
pdf/centrosdereferencia.pdf). 

A recent broad compilation of plant species reported 
in the worldwide literature cites plants as treatments for 
fever and/or malaria and the names of 1,277 species in 
160 families are listed; among these, 956 species belong- 
ing to 140 plant families are found in the Amazon alone 
(Willcox & Bodeker 2004). In Brazil, a country with great 
biodiversity and rich ethnic and cultural diversity, the tra- 
ditional knowledge of medicinal plants has been reported 
and medicinal plants have been investigated (Brandao et 
al. 1992, Andrade-Neto et al. 2007, Oliveira et al. 2009, 
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Mota et al. 2012), as previously reviewed (Krettli et al. 
2001, Krettli 2009, Aguiar et al. 2012a), constituting im- 
portant sources that should be better explored. 

Different native populations exposed to malaria 
transmission in the Amazon Region (including Bra- 
zil, Venezuela, Colombia and Guiana) and other Latin 
American countries use plant remedies as antimalarials, 
e.g., in Colombia (Garavito et al. 2006, Lopez et al. 2009) 
and Bolivia (Mufioz et al. 2000) and among traditional 
healers in Brazil (Carvalho et al. 1991). 

Among Aspidosperma species, A. excelsum and A. 
nitidum are widely cited as curative relative to fever and 
malaria (Brandao et al. 1992, de Oliveira et al. 2011) 
and communities living in areas of the state of Para cite 
A. nitidum and A. rigidum (Rusby) and "Indian beer" 
or Ampelozyziphus amazonicus (Rhamnaceae) as anti- 
malarials. Although "Indian beer" has been proven to 
act as a prophylactic in rodent malaria, in mice with 
sporozoite-induced infection and in vitro with sporozo- 
ite cultures (Andrade-Neto et al. 2008), its various crude 
extracts were clearly proven to be inactive against blood 
parasites in vitro and in vivo (Krettli et al. 2001). Crude 
extracts and fractions from other Aspidosperma species 
native to regions outside the malaria transmission area 
(in the state of Minas Gerais) have been proven to be ac- 
tive against malaria blood parasites (Oliveira et al. 2009, 
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Fig. 3: extracted chromatograms comparison at 254 nm of MeOH 
crude extract (A) and fractions, precipitate (B), FO III (C) and FO 
IV (D). 



Dolabela et al. 2012). Similarly, extracts from Aspi- 
dosperma vargasii and Aspidosperma desmanthum were 
also shown to be active and are believed to be a source of 
economically affordable drugs against malaria. 

The present work confirms that crude extracts from 
the wood bark of ^. nitidum show intense activity against 
malaria parasites in mice. Indeed, wood bark is the part of 
the plant used to prepare infusions to treat malaria in the 
Amazon Region. Based on our present results that the pure 



TABLE III 

In vitro activity of Aspidosperma nitidum extracts and fractions against Plasmodium falciparum blood forms 
measured as the dose inhibiting 50% inhibitory concentration [(IC j^) in |ig/mL] of parasite growth and selectivity index (SI), 
a ratio between cytotoxicity and activity [lethal dose for 50% of cells (MDL )/IC„] 



^H] -hypoxanthine 



Anti-HRPII 



Crude extracts 
and fractions 



mean ± SD* 



BGM 



SI- 



HepG2 



mean ± SD* 



BGM 



SI" 



HepG2 



Bark extracts 

Ethanolic 7 ± 3 286 

Methanolic-A 8.3 ± 1.6 116 

Methanolic-B 10 ± 3.6 200 

Methanolic-C 12.4 ± 1.9 34 

Fractions from MeOH-C 

Fraction FO III 1.6 ±0.06 188 

Fraction FO IV 3.3 ± 0.4 30 

Precipitate 5.5 ± 0.2 364 

Leaves extracts 

Ethanolic 22 ± 0.7 91 

Acetonic > 50 

Aqueous > 50 

Branches extracts 

Ethanolic > 50 

Aqueous > 50 



Inactive 
Inactive 

Inactive 
Inactive 



83 
31 
100 
48 

39 
51 
201 

29 



4.6 ±4.4 

10.7 ± 1.3 
6.6 ±2.2 

10.8 ± 0.4 

2.3 ± 1.5 

4.8 ±2.1 
7.6 ± 4.4 

25.3 ± 6.0 
>50 
>50 

>50 
>50 



435 
90 

303 
40 

70 
19 

263 



126 
24 
152 
56 

30 
35 
145 



79 25 

Inactive 
Inactive 

Inactive 
Inactive 



a: SI based on the results of cytotoxicity shown in Table II (SI < 10 is indicative of toxicity); b: the samples considered active 
had IC < 12 |ig/mL (partially active had 12-20 (ig/mL and > 20 fig/mL were considered inactive); c: fractions from methanol 
(MeOH-C) were obtained through an acid-base liquid-liquid partitioning protocol to produce alkaloid-rich fractions (Fig. 2); 
BGM: monkey kidney cell line; HepG2: hepatoma cell line. Three tests were performed with each methodology. 
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TABLE IV 

Antimalarial activity of Aspidosperma nitidum extracts and 
fractions from wood barks against Plasmodium berghei in 
mice in one experiment evaluated seven days after 
intraperitoneal infection induced by blood parasites 



Mice group 
treated with" 


Dose 
(mg/kg) 


Parasitaemia 
mean i SD 
(% reduction)'' 


Mice survival 

in days 
(mean ± SD) 


Non-treated 


None 


2.2 ±0.4 


22.8 ±2.7 


Treated with 








MeOH-C 


100 


0.7 ± 0.2 (67) 


24.2 ± 3.9'' 


Fraction FO III 


50 


0.7 ± 0.3 (66) 


21.4 ±2.3'' 




100 


1.1 ±0.6 (48) 


22.8 ±5.0 


Fraction FO IV 


50 


0.8 ±0.2 (65) 


21.4 ±2.3'' 




100 


1.0 ±0.9 (54) 


23.0 ±4.5 


Precipitate 


50 


0.9 ± 0.5 (57) 


23.8 ±4.3 




100 


1.0 ±0.3 (53) 


24.2 ± 2.0'' 



a: treatment with extracts and fractions from the plant barks 
collected in 2012; b: reduction of parasitaemia in relation to 
control untreated mice (n = 5); c: fractions from methanol 
(MeOH)-C were obtained through an acid-base liquid-liquid 
partitioning protocol to produce alkaloid-rich fractions (Fig. 
2); rf: p < 0.05 in relation to the non-treated control group; SD: 
standard deviation. 



alkaloid braznitidumine described in the plant (Meneses- 
Pereira et al. 2006) was inactive in vitro, it is probable 
that a mixture of alkaloids detected in the active fractions 
of the crude extract of this plant are responsible for the 
antimalarial activity. New tests with braznitidumine need 
to be performed in mice, but this trial will require a large 
amount of this alkaloid, which is difficult to obtain. 

In conclusion, the active A. nitidum crude bark ex- 
tract showed the best activity against malaria parasites, 
the lowest cytotoxicity in vitro and no potential for mu- 
tagenicity or genotoxicity. Other species with proven 
antimalarial activity, such as Aspidosperma ramiflorum, 
Aspidosperma pyrifolium, Aspidosperma olivaceum, As- 
pidosperma macrocarpon and Aspidosperma tomento- 
sum, have a lower therapeutic index, but have resulted 
in the chemical characterisation of new compounds sys- 
tematically tested in vitro for anti-P. falciparum activity, 
with a low cytotoxicity and a less impressive therapeu- 
tic index (our unpublished observations). The alkaloids 
from several of these species have been characterised 
and shown to be active against Leishmania sp. parasites 
(Cunha et al. 2012). A. nitidum was by far the most ac- 
tive species, a finding that makes this traditional rem- 
edy useful for the control of malaria. However, further 
studies are required for drug development, as the present 
data indicate that the activity of the fractions and ex- 
tracts may be due to a mixture of alkaloids rather than 
a single substance (braznitidumine). Nevertheless, drug 
mixtures are known to be important for delaying the ap- 
pearance of drug-resistant malaria parasites. 



TABLE V 

Activity of ethanolic crude extract from wood bark of Aspi- 
dosperma nitidum against Plasmodium berghei chloroquine- 
resistant in mice after treatment during three consecutive 
days in parallel with the antimalarial chloroquine 

Parasitaemia 
mean ± SD 
(% reduction)" 



Treatment with 



Dose 
(mg/kg) 



Day 5 



Day 7 



Control non-treated 


0 


2.6 ± 0.7 (0) 


5 


.2 ±2.3 


Chloroquine 


100 


0.9 ± 0.3 (65) 


3.7 


± 0.6 (29) 


EtOH crude extract 


62.5 


1.8 ±0.5 (31) 


3.9 


±0.2 (25) 




125 


1.2 ±0.5 (54) 


3.3 


± 0.4 (37) 




250 


1.4 ± 1 (46) 


4. 


8 ± 1 (8) 



a: reduction of parasitaemia calculated in relation to control 
infected non-treated mice (n = 4); SD: standard deviation. 
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Fig. 4: mean parasitaemia by Plasmodium berghei in mice infected 
with chloroquine-resistant parasites following treatment for three 
consecutive days with the test compounds, evaluated on the fifth (A) 
and seventh (B) days after inoculation. EtOH: ethanol. 
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